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Foreword 


[50 [the International Organization Standardization ва worldwide eration national standards 
bodies (ВО member bodies). The work of preparing International Standards is normally carried cut 
through ISO technical committees. Fach member body interested in 2 subject for which а technical 
committee has Dees established has the right to be represented on that committe. International 
organizations, governmental ard non-governmental, in liaison with ISO, also take part in the work. 
150 collaborates closely with the International Electrotechnical Commission (IEC) on all matters of 
electrotechnical standardization. 


‘The procedures used to develop this document and those intended for its further maintenance are 
scribe in the ISO/IEC Directe, Part 1 In particular, the diferent approval сгіегіл reeded for the 
diflerent types of 150 document should be noted. This document was drafted in accordance with the 
editorial rules ofthe ISO/IEC Directives, Part 2 (sse wveiarg/Girectves) 


ISO draws attention to the possibility that the implementation of this document may Involve the use 
of (a) patenti] 50 takes па position concerning the evidence, validity or applicability «Г any claimed 
patent rights in respect thereot As of the date ef publication ofthis document, 150 had not received 
notice ofa) рак which may he required to implement this document. However, Implemerters are 
faucioned that this may not represent the latest information, which may be obtained fram the patent 
database available at www iso,ara/patents 150 shall not be held responsible for identifying any or all 
‘sich patent rights. 


Any trade name used inthis document is taformation given for the convenience of users and does pot 
constitute an endorsement 


For an explanation of the voluntary nature of standards, the meaning of ISO specilic terms and 
expressions, related to conformity assessment, as well as information about 180% adherence to 
the Word Trade Organization (WTO) principes in the Technical Barriers to Trade (TBT), see 
‘wwe is.org/iso/foreword hmi. 

‘This document was prepared by Technical Committee ISO/TC 261, Additive manufacturing, in 
cooperation with ASTM Committee F42, Addeive Menufecturing Techaelepies om the barie of à 
partnership agreement between ISO and ASTM International with the aim to creste a common set of 
ISO/ASTH standards on Additive Manafactering and in collaboration with the European Committee far 
Standardization (CEN) Technical Committee CEN/TC 438, Additive marufactaring in accordance with 
the Agreementon technical cooperation between SO and CEN (Vienna Agreement) 


Any feedback or questionson this document shouldbe directed to the user's national standards body A 


Complere listing ofthese bodies can ре found асил нона ўе Um 
A 
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Introdu 


n 


Theconstruction sector isincreasingly facing challenges with respect tolabour shortages project delays, 
Increase lead times, excessive material use, largeamountsof waste and adverse CD, et print impacts. 
Furthermore froma market perspective, the global construction demand is increasing especially asthe 
housing crisis continues and infrastructure projects (whether new or sustaining existing structures] 
are оп the Increase Additive construction (АС) also known as additive manufacturing for construction 
(ВМС) and 3D construction printing (3DCP) has the potential to address these issues directly 


Of late, АС has made great strides. Printed dements could potentially prove го be more durable, 
more sustainable, more eco-iriendy, cheaper (en masse, and faster to deliver than conventional 
construction approaches. However, without AC standards, approval, certification, and risk mitigation 
are unattainable, 


ee раграте ofthis detent Бо online the reims nitty өң Баз Гас ا‎ 
delivery of high quality addkively manufactured structures (residential or infrastructure] in the 


Important steps of the AC process are specified. These steps will be controlled and monitored to 
ensure high quality printed structures for on-site ог offsite use This document = not intended ta be 
technology- or material-specife, and therefore sub-processes are applicable depending en theappreach 
used. However, It should be noted that printed element(s) should be approved зу а ically certified 
engineer and adhere to both local and regional specifications and requirements. 


A 
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Additive manufacturing for construction — Qualification 
principles — Structural and infrastructure elements 


1 Scope 


This document specifies quality assurance requirements for additive construction (AC) concerning 
building and construction projects im which additive manufacturing techniques are used for 
construction. The requirements ae independent of the materiale) and process category used. 


‘This document does not apply to metals 


This document specifies the criteria for additive construction processes, qualitprclerant 
charactorieties, and factors along AC eyslem operatione 1! further specifies activities and sequences 
‘within an АС cet (additive construction site] and project 


This document apples to ай additive manufacturing technologies In building and construction (oad 
bearing and non-lead bearing), structural and infrastructure building elements for residential and 
иштете! applications and follows an approach oriented то the process 


‘This document dose not cover environmental, health and safety aspects that apply to printing facility 
setup, material handling operating of robotic equipment, asd packing cf equipment and/or elements for 
shipping but material supplier guidelines, robotic olution operating guidelines, and local and regional 
requirement: are applicable, 


‘This document does not cover design approvals material properies characterization and testing, 


2 Normative references 
‘The Following docements are referred to in the text in such a way that sume or ай of their content 
constitutes requirements of this document For dated references, only the edition cited applies. For 
"undated references the test edition оГ the referenced document (including any amendment) apples. 
ISOJASTM 52900, Additie manufacturing — General principles — Fundamentals and vocabulary 


ISO/ASTM 52950, Additive manufacturing — General principles — Overview of data processing 


3 Terms and definitions 


For the purposes of this document. the terms and definitions given in ISD/ASTM 52900 and the 
following apply 


150 and LEC maintain terminology databases for use in standardization at the fllewingaddresses: 
— оне broweing platform: available at аруз наз. 

— 1ECElectropedlat available at htpsz//wwwelecttopedi org! 

за 


tive manufacturing for construction 
с 


process to join matorials to mako structural and nen-stractural elements/components and systeme 
from 3D model data usually by depositing material layer upon layer as opposed to subtractive and 
formative manufacturing methodologies 
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32 
additive construction 

AC 

term to describe all relevant disciplines and knowledge for the construction segment using additive 
manufacturing process categories. 


Note 1 to entry: The we or tte technologies covers ай relevant construction sectors, for example large seale reat 
estate projects, entire buildings and building elements civilinfrasructre and disaster reli. 

Note 2 te entry: AC descrbes all relevant knowledge disciplines for example: architecture, engineering, 
structural engineering materials gineering robot operator, project management, onstrucios management, 
шу management, ee 


Note 3 to entry: Other terme used interthangrably are Digital Conetrction (DE), Construction 4:0, Advanced 
Manufacturing in Construction (ANC), Construction 2b Pritin [C30P] and 30 Construction Printing (HDCP). 


Note to entr Building materlalsinclude: 


— composite materi 


Note 5 to entry: Intrinsic to the current definition isa high degre of robotic automation a reduced éegree of 
human отит daring the салата proces, and minimal vere due а as hede material delivery 
systems. 


Note 6 to нигу: As ofthis writing in 2025 the feld of 4C is rapidly evolving, and novel materials and methods are 
very likely to become included inthis definition. 


Note 7 to entry: AC ls used orit ar offsite (e.g modular factory hase production) 


33 
layer deposition 
application ofa single усе 


за 
Асен. 
printing solution deployed on site for in-situ printing (includes mater 


35 
material deposition device 

numerlezlly controled assembly, including mixing and delivery mechanisms for raw materials, binders, 
and абвіна places the mixture based on a digital simulation entered in the assembly's electronic 
programs, without the need for direct human intervention or for using moulds 


36 
physical production 

Physical totality of the build space, elements located onthe build space, and production related support 
Structures and plantin the bull space of the system 


ivinz and placement systems) 


37 
Virtual production га, 
Computer/digital simulation of the physical production (3,7) run (print fie) 


EXAMPLE Frinting simulation. 


за 
dry production run. 

procese of running the build program with no materials ко verify the first layer toolpath and other 
Erica points of the program; and сав be part of calibration process 


2 „кост erin 
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за 
construction process 

digital and physical AC operations, from setup of the robot through completion of the final printed 
element including quality assurance testing and verification 


cal, electrical and plumbing 


building systems required for beating, ventilation, and air conditioning: electrical pewer and 
communication supply; end water supply and sewage removal, respectively 


зп 
printed element 

Construction 3D printed component, whether constructed on-site (in-stu) cr offsite, that gets 
Incorporated into a building or structure, ав a complete Infrastructure component 


EXAMPLE Май columns, beams, t. 


зла 
printability 

"ity of the material to be easily delivered to the print head, processed by the print head, e 
entrudabillty (313), and meet consistent layer shape stability, fuildaility (3.14) requirements, ard if 
apple рипрарику (215) 


зла 
extrudability 

ability ofthe material to smoothly be ejected through the printing nozzle without inducing any blockage 
ofthe canduits or significant damage tothe material quality 


buildability 
sliity of a print to preserve vertical and lateral stability under increasing loads coming from 
Superposed/subsequent layers with controlled deformation 


315 
ратравийу 

material paste criterion that is related to the concrete extrusion and workability, as itis important to 
ensure that the materials have a continuous easy-flowing behaviour from the source to the printing 
‘material deposition device/nozzle 


Мае тенор Purity ensures Ве ma 
"ngs inside the delivery system. 


rial can be pumped easily and continu without cresting 


4 Constructability assessment and review 


41 General 


The AC element requirements shall be specified and verified belore the data preparation. The results 
Мый be transferred Ја а бедий микрон with atonal production sperfentinns айар 
Specific requirements in respect to the quality control (for load and повећала bearing element). tis 
‘recommended thatany asset monitoring and/or management be based on locally applicable standards 
‘tales regulations which could be based on numerical verification analysis. 


I the production request is incomplete (for example missing technical drawing) or an Initial 
commissioning is associated with restrictions, the customer shall be notified to correct the problem. 


Figure i shows the individual steps for checkingthe feasibility and qualification phase ава pre-requisite 
fer the serial production with AC. 


A 
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Figure 1 — Steps involved in verification of AC element requirement 


42 ACfeasibility assessment 


АС feasibility; including AC element requirements, shall be evaluated by suitable personnel (eg, 
technology experts or instructed persons, obtaining relevant permits from local authorities, classified 
and registered as required by authorities having Jurisdiction and proven to have designed and 
accomplished successfullya specific number of 3D printed elements (e.g 5) withthe same construction 
process and comparable dimensions and complexity) 


The necessary production competance is only availabe in the direct AC environment. Iris important 

to include all element requirements inthe feasibility check. The evaluation shall include the following 

steps 

3) Design cheek: the process-relevant design directives should be consulted to evaluate the design's 
AC Raslbilty and conply with national, Fegunal, and local codes. la addition, processrelevant AC 
restrictions such as minimum wall thicknesses and reinforcement requirements shallalso be taken 
into consideration. 


b) Environmental check: for the environmental dimension material selection and design stages are 
regarded as crucial to the sustainability performance of a built element throughout its Пе суде, 
Its important to perform a sustainability assessment of the building material or the building 
product el, in accordance with 150 21930 and 180 14001 following a cradle-to-grave approach 
of a Ше суйе analysis (LCA) and track macro-indicator, or both internal use and to elaborate 
Environmental Product Declarations (PDs) of bulding products after validation. Environmental 
checks/studies shall be dane in compliance with all national, regional, and local requirements, 


Coreindicstors to useare: 
— global warming potential (CO, equivalent emissions; 


— greenhouse gas (GHG) emissions that have a potentia 


impact on the imate: 
Other relevant Indicators can be: 


— Pollution potential freshwater resources that have a potential impact on the depletion of 
freswater resources (а case no metalli: material will be used m the paste mix design, using 
other than freshwater, such as sea water, or treated water may be envisaged In the process, 

dom the заде of the printed demen, and its interaction exposure to end users). 


— Fossil fuel depletion potential (өй equivalent: consumption of non-renewable raw materials 
and non-renewable primary energy. 


— Ozone depletion potentiat(CFC-11 to alt: release of gases that have à potential Impact on the 
stratospheric one layer. 


А 
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— Amount ofwaste generated by type: total volume of non-hazardous and hazardous wastes that 
аа potential impact on the generation of waste far disposal 


— Acidification potentia (50, о ai) - potential Impact on the acidification of land and water 


— Freshwater eutrophication potential (P to freshwater): potential impact on the eutrophication 
of water bodies, 


€) AC process: itis also necessary for qualified engineers to check whether the desired element, and 
element properties to be attained, are AC feasible with the process parameters already qualified, or 
whether adaptations are necessary te attain AC казыу AC specie process category risks also 
need to be evaluated by qualified engineersto achieve dedicated component requirements Refer to 
Tatte A for self processes and materials, 


4) Further processing: if a further (comi-Jautomated manufacturing step occurs, it is necessary 
to check whether the design is appropriate for chis, if auxiliaries cannot be used. If subtractive 
or finishing processes are then carried sut to attain the required manufacturing tlerarces, 
‘corresponding desiga details shall be provided as early as the data processing if necessary. 


d) Check of dimenstons/tolerances: the tolerances specified ın the design shall ве attainable in the 
selected AC process Posttreatment shall be considered heforethestartof the AC process 


EXAMPLE1 Any special considerations for reinforcement and/or МЕ? integration, starting, stopping, or 
skipping i the AC process 


T) Material/material properties: AC feasibility shall be considered beyond the selected technology, 
depending on the material, material mix design, and over the entire AC process. The specified 
material properties shall be incorporated here. Local standard tolerances for fire resistance, аб. 
comprosiive strength, tension, shrinkage, creep. and resistance to environmental effects such as 


moisture cyclic freezing, and ukravidet (UV) radiation etc. shoulé be followed. 
EXAMPLE2 Materials that exhibit diferent AC constraints 


Ал individual clement evaluation shall then be conducted to define the necessary measures for quality 
assurance. Based on the method for quality assurance already implemented as wel as the risk analysis 
Toe the relevant application, I Is necessary to check whether separate measures for element-related 
quality control are necessary (see 71). 


43 Validation plan 


‘The requirements of the direct manufacturing environment include the qualification plan for the series 
clement. The prerequisite is qualification of the material for a definite AC process. A qualification plan 
shall be formulated for the elementsand associated test methods according to the relevant work and/or 
procedural steps as specified by the customer. The elements) production is validated ina stage process 
(see A2 or ISU/ASTM 52901). Fach phase s successfully completed upon signing by suitable personnel 


The methodical recording af the element requirements cim be derived, for example, from 
ISO/ASTM 52901. This makes it possible to derive which validations can be necessary beyond this 
document. 


5 Infrastructure of the AC cell 

‘The following requirements are relevant for the infrastructure ofthe AC ell 

а). Equipment: Environmental, Health and Safety (EHS) checks and management should comply 
with existing beal and regional statutory on-site and oie standards for all equipment, Some 
examples аге listed below 
— EN 12001; 


А 
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— videa; 
— 3 


— вољи 
— 1012100: 
— 5013849: 
— 5013349% 
— 150 13850; 
— 180 13954; 
— somus 
— воми; 
— во 14120; 
— ем 602041; 
— 150 10216, 
— BO 10218-2 
— көе. 


Safety at work: а safe working environment with consideration ofthe statutory regulations shall 
ве ensured This inches personnel instruction concerning the necupatianal safety measures and 
equipment. 

The users of this document should reter to appropriate safety management guidance and local 
egisition and regulation о gaina full understanding ot ресііс requirements. 


‘The following isa summary of some of the safety management aspects AC should consider. 


1) Safety legislation holds operators to account for the protection of their employees, the public 
ава the environment in relation to their Industrial activities. While legislation and regulations 
‘ary їп each country or region, the hasc principles ог safety management are common and 
should be common practice for all АС companies, 


2) Operators shall possess safety management arrangements that identify responsible and 
аазы ораг ма ther апра аап The Ебу management arrangements Will alte 
fetal the processes in place to ensure that safety is achieved forall operations с the company 
and considering all hazards that are associated wth AC Safety management arrangements 
Should he proportionate to risk and complexity of the operation 

3) The central alm of заку management в со Kent all foreseeable hazards and reduce risks 
tw а level that Is tolerable and as low as reasonably practicable or achievable. Risk control 
micasures are used to achieve this in various ways across the safety discipline. 


4) As the operator of robotic АС equipment and associated machinery and materials, operator 
Shall consider and ensure the safety of all aspects of operation including, but not limited to: 


— the printing location, factory or site-based; 
— the machinery being used and interfaces between machinery: 


— emergency ard accident arrangements and response including first ald requirements; 


A 
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— safety signage; 
— safe handling and storage of materials; 

— construction site safety requirements and PPE requirements; 

— process warnings and cautions: 

— installation and use of barriers and guards; 

— adequate safety training and provision of adequate safety information; 
— safety discipline and safety culture; 

— ану orcareror workers; 


reporting near miss 


— earning from experience; 
— consideration of publie safety 
— iecpirgauditablerecords for safety decisions. 

c) System installation: the AC system shall be installed by qualified personnel (see 72). Evidence af 
installed conditions shall be documented (eg, service repar, final acceptance report, reports on 
modincanon tothe system designation or the machine уре including version status of the software 
‘components and, if applicable, version status of the hardware components, machine identéication 
moriber) All май delivering the product to be deemed appropriately traned with maintained and 
retained record as part of a quality management system (QMS) with the process steps recorded. 

d) Maintenance; ll maintenance activities shall be completed and decumented, 

The machine installation and maintenance гене to eyetome of the process control as woll ак all 
devices relating to systems and parts [eg material storage, mixer, pump, UV system (ifapplicable)]. 

d) Production environment: system manufacturer specifications shall be adopted with respect to 
ambient and installation conditions: 

0 IT infrastructure: for an AC factory setup ensure security of the server landscape, provision of 
the IT hardware, safety and archiving systems, ete (ер according to ISO/IEC 27001) as outlined in 
the following non exhaustive ist shall be followed: 

— foorload capacity and evenness cf the ground, absence of vibration: 
— extensive availability, minimum distance to neighbouring systems and equipment; 
— controlled or permissible temperature, humidity, light conditions, alr particle components 


ecnliness ofthe ACenvirenmerts 
— logged installation conditions and qualification of the production system; 
— logs covering all other qualiy-relevant influencing factors regarding the function of a system, 


‘The АС management system ensures that the correct steps occur in the qualified sequence with the 
corresponding parameters. This includes planning the machine capacity utilization and material 
‘Stock corresponding to а specified minimum level system for planning the bottlenecks shal be 
demonstrated. 


А 
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6 Qualification of the additive construction process 


6л Quality-relevant process steps within the additive construction process 
It is recommended that a quality management system (ед; ISO 9001) is in place when the AC element 
manufacturer applies this document Additional, this documen: can ће ued tn ectaHich à qualey 


management system specifically relevant to AC technology. 


In order to ensure high quality within an AC cell, the complete process chain (see 6:2 to 62) of the 
production process and personnel requirements [see 72) shall be considered. 


‘The relevant areas ofthe process chain are shown In Figure 2, These comprise: 


— Qualty assurance: preventive measures that ensure the required element quality over the entire 
process chain (ee Annex f for a proposed approach for АС quality assurance); 


— Data preparation: digital processing occurring before additive construction (see A.3) 
— Material management: material flows occurring before and during the printing process (see B3) 


— system related pre-processing: manual activities occurring in the immediate enviranment of the 
printing system and serving to initiate the controling ofthe process (see А.З}; 

— Process guidance (build cycle): complete machine cycle in which elements are produced additively 
(wor ay 


— Default postprocessing: activities occurring in the environment of the production system and 
performed downstream of the process control (see АЛУ; 


— Element specificpost processing: activities on the lement aftr the process guidance (s00 AnnexA, 


Annex B and Annex С} 


The assurance of the element quality requires comprehensive specification of the production process 
(Пане); 


a) Quality-relevant characteristics as well as test methods and intervals for monitoring each 
individual process outlined in Figure I should be detailed; 


b) Work equipment and any applicable ambient conditions required for and during the printing 
process shall bein places 


€) System-related maintenance and servicing activities; (see Table D-1 for specific process examples) 
shouldbe taken Into account 
A 
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4) Qualification measures for determining relevant input variables (е. material properties) and 
restant output variables, which are derived Tram à rombinallon of the previously specified 
characteristics over the entire process should be defined: 


9 Defining the measurement, geometric dimensioning, and tolerancing regarding AC usage shall be 
specified by application specificity and/or based on user requirements (see Annex E) 


62 Data preparation 


[Preprocessing M “il 
| + 
IX Ее S 
тамын D s ACT 
|, > Dak ЕТ » | 


Figure 3 — Data proparstion stops 


Data structure principles of 150/4STM 52350 shall be applied. The definitions of S0/ASTM 52900:2021, 
3 shal be followed. 


technically applicable, the flowing pracess steps from figure 3 shall be specified and their testing 
and documentation defined: 


а 


check: an Inspection regarding error free, process ablity ofthe 3D data shall be completed. 
ecrars are found, à data repair shall be carried out with cose collaboration and approval of the 
engineering team especially if any geometrie modification is required: 


applicable, documentation of he file format (eg STL, AMF) conversion (tessellation) parameters 
is required, 


b) Adjustment for element geometries: allowances for temporary support (ер, overhangs) and 
МЕР integration И applicle 30 data changes are allowed as they relate to lement changes all 
‘adaptations are documented in comprehensible and verifiable farm (this requires version cortrol 
‘ofthe modified dataset) and proper approvals. are sought and agreed upon prior te changes being 
mate 


Slice data generation/machine code (e.g. G-code): conversion into machine-specii slice data 
with complete process parameters based on the approach and material 


In case ofsoftware updates, input and output data should be used to check thatthe generated data 
sorresponds tothe referenced output data 


The parameters for the data conversion shall be specified ard complied with In the corresponding 
process description, under the consideration of the key quality assurance characteristics of the 
Particular AC process category used. 


¢) Simulation of additive construction process: virtual production run to predict printabilty and 
print performance bused un the geometry, material, and AC process categories/characteristics (sce 
Тае D1 for specific examples) 


Furthermore,a mock-up fora complex part of the element to be 3D printed should beconstructed to 
demonstrate that the element is printable, and that the material i flowable, extrudable, buildable, 
pumpabie, andthat the extruded materials open time [the period of time in which the workability 
is consistent within certain tolerances acceptable for the process 15 all as designed, to achieve 
required shape within allowable tolerances 


А 
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4) Dataarchiving: unique versioned archive ofthe production run (or for reference to as “as built/as 
bile digital mal" drawings). Archiving duration ae specified ar the relevant applicstianJeeeter. 


63 Requirements for the material management. 


Ri Mme CRM EAM ci n ч 
| == por HN ма 
ри) mate Ge, DEE 
|. 


ЛЕУ» өле Лакан > набие /) 


Figure 4 — Elementsof material management 


Special material handling considerations should be taken into account, as it is also necessary to define 
the specification of essential parameters aad, И applicable, associated test methods. which ensure the 
suitability of a material and material mix design or the respective printing process Follow local codes 
and regulations under the authority having jurisdiction. Figure 4 depicts the elements of material 
management. 


Corsiderstion should be made for any “supporting materia!” such a» binder or glue products; lor 
material handing (storing and mixing) and delivering (pumping and printing) Furthermore, should 
be noted that printed material at the head/nozsle/estruder is different [rom material at the mixer/ 
material delivery area (see Table РА for specific process examples, 


‘To ensure the required properties ofthe material, Ше following process steps shall be specified, and 
ther testing and documentation defined: 


a) Transportation: should adhere to supplier recommendations 


Бу Incoming quality control: labeling of incoming material with batch testing of raw material as 
directed by the material supplier, (ee Table D.1 for ресйс process examples) 


99 Charge control: a traceable material and material mix design history shall he compiled, 
documented, and saved; 

4) Storage: suitable storage conditions (at least monitoring of moistare (as applicable] and 
temperature) should follow suppliers recommendations Consideration should also apply to on-site 
ready-mix production and delivery systems (see Annex I: 


8) Preparation for process guidance: И applicable, adaptation of the material composition for the 
process control вее Апел C and Table D.1 for specific process examples}, 


T) Fresh properties in-process cantrol/testing (automatic or manual)/monitoring: parameter 
control, parameter tests (example, Flow and Slump tests), and probes, can be part at the quality 
montorin plan. Appropriate testing of materials and site ground conditions shall be carried vut. 
WIth documentation retained to ensure traceability. 


2) Management complying with local regulations: AC technology specific, АС 
environmental aspects, te 


lerial speci, 


10 
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64 System related pre-processing 


> >| 
ODED 


Figure 5 — Elements of system-elated process preparation 


Atechnieally applicable, the fllowing process steps (ee Figure 5) shall be specified, and thelr testing 
ard documentation defined: 


а 


» 


А 


System preparation: restoration of the Initial machine state for the following production run: 


3) The preparatory steps shall be followed аз indicated by the manufacturer (inspection and 
testing procedures including those related to un-packingy/etup of equipment for onsite 
printing applicable). Soe 22 for portend ditian 


2) Cleaning: deaning processes shall he carried out according ta manufacturer instructions. (See 
for specific process examples, 


‘Setup for production run: 


1) lab or base for print (nsure tolerance requirements are met per printer supplier 
recommendations see Table D.1 for specific process examples: 


2) system and process materials, requirements for production, dry production run verficcion 
in-line with manufacturers requirements (could include verification that slab/base в level a5 
applicable 


3) dry run material delivery system set up: 

4) stop/start procedures based on material and printer specifie recommendations 

5) specify buid суде parameters; 

6) environmental controls; 

7) hoarding, fencing, or апу structures to surround and/or control access, weather, foreign. 
deleterious materials such as dust, wind borne contaminants (eaves, grass, sands, ec), 


ambient temperature and moisture, also if there are any noise abatement or controlling 


8) safety within the cll; 


9) definition of vibration limits natural and by ambient (see Table L.1 for өресіне process 
examples); 


10) recyding and waste control 150 21930 and БО 14001). 


АЛТ ЕТТЕ а 


ISO/ASTM 52939:2023(E) 


65 Built process guidance 
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Figure 6 — Elements of the process guidance 


“The requirements ofthe printing environment include system monitoring during operation. 


‘The following process steps (see Figure 6) shall be specified and their testing and documentation 
def ned (ее Annex C fora proposed quality assurance approach in built process guidance): 


ај System operation: staring and executing the production rur: 
1) the operating steps indicated by the manufacturer shall be observed: 
2) printer start: work instructions shall be followed; 


3) placement of reinforcement (rebar, metal wire, etz) should be incorporated based! on the 
required performance tolerances; 


4) MEP integration (ss applicable) shall be incorporated as per the required design parameters 


— any stop/start activities for mechanical, electrical, and plumbing integration and/or 
enforcement placement should follow system providers documented practices. 


5) "aging the production run: 
— allstop/startactivties shall be documented; 


— dataset of themanufaccuring batch (geometry, number, layer thickness exposure strategy, 
E 


— process parameters (ед. feed rate, nozzle deaning steps, material supply or layer 
deposition, calibration, print speed, layer time, extrusion cate see Table DI for specifie 
process examples): 


— record environmental conditions during printing (eg, ambient temperature, humidity, 
‘wind speed) 


— рамави can be defined by flow of material which can be measured by a power 
Consumption of a pump: 


NOTE Posi шаљу Ван an extra definition status ofthe components (unveylog rs prin 
Mead status, axis positioning ete): 


— material and machine data (serat number ete). 

у Production run monitoring: a manual ог automated monitoring plan should be in place (eg: 
technology/application probe taking, start/stop document, materals content, visual inspection, 
NDT). This may include butis notlimited to: 

1) collecting material sample (manually, semi-automated, automated; see Table РА for specific 
process examples; 
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2) recording and evaluation ofthe production гап via imaging methods: the recorded data enable 
the analyse of errare ае the tracing of part defeeta tà procese deviations (one-dimensinal 
time of light distance measurement sensor, with a defined accuracy depending on the printed 
clement dimensions (lr example 1 mm). may he used and attached to the nozze. to measure 
the distance between the nozzle 1o the substrate. The measurement dats can be continuously 
transmitted back to the control system which adjusts the nozzle position accordingly. The 
өлді sensor can also measure the dimensions ofthe printed filament, The print quality may 
be determined through an algorithm which measures the width of the extruded filament 
and compares И with the target filament width ta detect over-extrusion or under-extrusion 
conditions. The used feedback control system should be able to automatically adjusts the 
material deposition rate In order to achieve the desired dimensions of theprinted layer) 


Зу laver error analysis (partially real time-controlle) to detect an irregular material placement 
on the bull surface (after each layer) сап be integrated in the quality assurance, 


4) layerdetect analysis needs to be performed and in compllance with wel 


defined specifications: 
5) intertayer time gap iz measured according to defined specification 

6) interval ofheight/time is measured according to defined specifications; 

7) design specifications like wall tie, reinforcement shall be monitored: 


Ву verification of the printed layer shall be free of surface defects including any diseontinulty due 
to excessive stiffness and Inadequate cohesion between successive byers: 


9) dimension conformity and dimension consistency per material being used and conducted by 
certified operator, This Is done by the print layer and below factors that might influence print 
quality and should be measured, for example 
— dimatic conditions (temperature, humidity, wind) on site with the printed element; 


— positioning of temperature reading equipment to beable to measure the environmentand 
material; 


— amount andtemperature of liquid and dry components; 
— temperature ofend component as placed: 

— speed of mizer, pump, ribot 

— electri power consumption ef the slectrie motors; 


— amount of additives mixed with material. 


66 System (default) post processing 
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Figure 7 — Elements of system required (default) post-processing, 
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Post processing measures (see figure 7) shall be designed uniformly and integrated in the qualification 
(Gee 6.2) Applied processes shall be assigned uniquely to the structure дей archived for evidence 
records. The fcllowing process steps shall be specified and executed ina controlled manner, and thelr 
testing and documentation defined: 


3) Databackup and archiving: backup of the logs/recording data after completion of the production 


M) Syston ава retaration of the initial аба «Г the machine fr the billowing production can 


Gee 5.4 and Table D.1 for specific process examples); 
9) Subsequent system dependent processing to prepare or next production гил; 


d) Curing environmentthat should follow material supplier recommendatians, 


а Application specific post-processing this document does not claim to stipulate all specifications 
‘or recommendations for printed element post-processing (eq, smoothing of surfaces either 
automatically or manually) but instead serves а purely informative allocation (see АЈ) of the 
printing processes. The methods normally applied їп the final processing Including shipment are 
largely standardized. The corresponding normative documents are applicable, see Table D.1 in 
Annex D fer specific process examples. 


дел көні thie document can thorsfore ho weed ax a hace for the additivo construction specific 
process and extended with any qualification standard for subsequent steps, The quality assurance shall 
be implemented over the entire construction process 


67 Process qualification 


‘The main aim of the process qualification of the AC process is to define reproducible, productrelated 
Indicators. This includes te testing ot reference samples to a statistically significant extent, which have 
passed through the process chain to be qualified. The process qualification of the AC process thus forms. 
the basis for both the dentincation of reproducible parameters as well as evaluation of the current 
process quality as defined by the ongoing quality assurance, The samples accompanying production 
hot only serve the quantitative determination of material characteristics but rather are adopted for 
3 qualitative comparison with a tolerance band determined beforehand based on the location and 
dispersion parameters of the material characteristics to verify reproducibility of the process resulta 


‘The process steps defined In 6.1 to 62 shall be specified in succession and their testing and 
documentation defined, The defined documentation should be available or all AC relevant workers at 
heconstructin site This typically includes: 


a) Parameter set; the process parameters selected fr the qualification shall be defined, designated 
uniquely and documented. Changos tothe process parameters requiro a requalification, 


b) Characteristic values/test specimens: if characteristic values of the conventional material are. 
specified in standards these characteristic values shall be determined according to the normative 
requirements based on testspecimens; 


c) Number of samples/prodaction runs: the number of specimens and production runs shall be 
selected inaatataticly relevant manner and should be aligned wilh the built process monitoring 
solutions; 


4) Posttioning/alignment: the arrangement and orientation of the test samples shall be chosen 
appropriately corresponding to the circumstances of the AC-system and the scope ofthe application 
or example the r-hetg probes] 


©) Data communication: a qualification of the data processing shall be carried out in сазе of dats 
transfer over several software programs. 
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7 Quality assurance 


74 General 


Quality assurance of the entire AC process considers all of the elements depicted in Figure 8, 
Binskderskin Гараінава redaction allato pinductin und delivery and сн пева tating ha be 
taken into consideration when determining quality assurance. 


ley sace 


Figure В — Quality assurance elements 


72 Personnel requirements 


Personnel roles shall be well definedand documentedfor allareas ofthe АС, Personnel stall be qualified 
errrosponding to their tasie Qualification records shall be kept far all AC personnel 


Rales along ће adéitive process chain аге 
a) CAD, САМ, and CAE engineers; 

b) civil structural, material and mechanical engineers with AC knowledge: 

6) machine operators; 

d) tradespeople 

e] test personnel (for non-destructive testing 

0) AC Quality Assurance specialistwho vill be responsible to ful the standards requirements; 

8) health ard safety officer (shared or dedicated responsibility) 

The responsibilities of these roles include maintenance of the systems, Implementation and compliance. 
with the work safety precautions, process qualification and interna (ог external) inspection of the 
required quality recordsin one or more randomly selected job audits. 


‘Tho documentation check should be conducted with demonstrable technological understanding 
referring to AC process specifie requirements, This includes knowledge about currently available AC 
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and construction standards along with sound expertise of the relevant process category and its quality 
assurance арена. 


NOTE The scope of the documentation check includes the inspection af the digital and physical production 
а 


Acceptance eriteris in relation to technology and material specific criteria - shall be defined by 
suitable technical staff as part of the quality assurance aspects listed in Clause. 
73 Documentation and tracing of the process steps 


Documentation ofthe AC process and process steps is necessary to verify quality assured processes, The 

requirements or the direct AC environment include the following production requisite specifications: 

3) Process description: description of al relevant processes along the production process chain (see 
вм). 

I) Work instruction: procedure for carrying out the relevant manual activity at the respective 
stations, Steps that are prone to error and critical to quality shall he emphasized Including the 
corresponding characteristics. 


[T 


1o Chain the system 


EXAMPLEZ Documentation of the verioned qualified machine parameters per executed production 


€) Maintenance logs: mainterance processes and intervals as well as machine calibration. 


Regular measurement of the components with a direct influence on the printing process (eg. 
printing machine speed, calibration of the feeding rates ofthe print head) in a manner and intervals 
Suitable for the application. 


Cleaning work shall be carried out in accordance with specie system maintenance plans 
Maintenance and repair activities shall be carried out or the machine type in use m accordance 
with manufacturer specifications regarding inspection and maintenance This applis to both the 
frequency of the maintenance work to be carried out as well asthe responsibilities forthe necessary 
эсине: Typically, daily, weekly and monthly maintenance and repale work accompanying the 
bull job shall be carned out by the owner/operator of the ACsystem, whose implementation isto 
he verified in а suitable manner 


4) Acceptance criteria: defined and referenced methodology to evaluate the implemented suh- 
process, The individual control points along the entire process chain require а decision-making 
basis Thisshall be known and easily accessible to the personnel: 


1) Test equipment compatiblity shallbe verified; 


2) Documentation regarding production of the samples accompanying production, test reports; 
error report, 


3) Documented proof regardingthe quality ofthe materia; 

4) Recording the characteristic values of each machine per production run; system-related pre/ 
post-processing: process data recording: log of the installation qualification, acceptance of the 
AC system by the manufacturer 

5) Inspestion of the process result for reproducibility by analyses: regular monitoring of the 


error rates ar process deviations pointing to a corrective measure (see Table D1 for specific 
pren unies 
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6) A generic process ensuring compliance with required part specifications shall be provided. 
9). AC monitoring: documentation obligation for the individual processes carried out (eg job card 
system) in order to ensure traceability of the production steps per element; data processing; post- 
processing steps relating to the system and element; 
1) For example part file, signed routs sheet, checklist, personnel qualification 
2) Chedcof AC feasbility (see 4.2); 


3) Order processing: complete order processing includes, in particular, the specifeation of 
lement réated quality criteria and thelr testing; 


4) Repair а process for remedying part errors shall be defined 


7A Quality controls 


Fat entr E 


[ACtement approval М 


Figure 9 — Elementsof quality control 


Processrelevant tests shall be conducted as part of the manufacturing process. The approval procedure 
fora production run shal һе specified and corresponding tests and documentation shall be defined. 


The AC elements quality shall be verified by means of a comprehensive process documentation: All 
specified as well as qualty-relevant characteristics and process steps carried out shall be complied 
with and documented (see Figure 9 and Figure 10) 


‘The result ofthe visual inspection shall be documented in photographie form in the testreport 


Samples accompanying production can be used to derive statements on expected mechankal- 
technological properties (density, porosity, hardness, static strength and further esta building on this 
such as dynamic part behaviour). 


After the production run, it is necessary о determine (based on a visual check and available process 
logs) whether faults or errors have occurred in the proces 


EXAMPLE _ Visual inspection, in particular comgarisae withtechniqu-specfic errors (displacement, defect, 
crack ete) acenrdine 0 the өресіпей quality characteristics ог acceptance сета. лее 23; 


a) Test for productionrun: ће values are withinthe permissible range defined Ше qualification, 
the prodiction run can be approved. This comparison forms the basis for measuring the process 
quality and expected element quality, If the material characteristics of the со зші test specimens 
re outside the Intervention anu warning nits the production run Is rst regarded as a ejection, 
‘The customer shall be informed about this п writing, Such a deviation shall aso be documented in 
the fault log. Defective elements shall be marked according за rejectsand, ¥ the error cannot be 
remedied, disposed of 
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b) Testing ofco-bullt test specimens: an indication for high process stabilty beyond the log data is 
provided via се вий! est specimens. Depending on the requirements nf the relevant industry ar 
respective application, the density, porosity hardness, strength, dimensional accuracy or possible 
Anisotropy of the elements Кее ISD/ASTM 52902) can he monitored. 


Samples accompanying production serve for unique traceability per production run in the event 
that further destructive and non-destractivetests have о be carried out (static/dynamic lead, етс.) 
in order togain additional insights The samples accompanying production including the associated 
босон tll be erchived accordi ir tbe requirement of the relevant bidante y ur relevant. 
application. 


€) ACelement approval: The lement is approved according to the previously defined validation plan 
(see 1.3). gure 10 shows complementary measures for quality control 


Process To build test "Nosdesiracive Төсегіне 
verification. ‘Specimens clement testing clement testing 
^o basses insects ТЕҢ отеу 
ы Aen eana, ا ا‎ 
zu. Erg eee 59 


Figure 10 — Approaches to quality control 


‘This document examines those ofthe process testing exclusively, whereby thi represents a basic 
prerequisite for a random sample inspection of series elements. An example overview of the 
Separate individual and/or random testing сап be foundin A.12 and A.3. Further areas indlade the 
анн 

— check rheological properties of material ог intended application; 

— check tolerances; 

— test mechanical properties; 

— test chemical properties; 

— test thermal properties 


— check durability performance, 


7.5 Delivery and logistics 
Recommendations of suppliers/manufacturers shall be followed. 
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Annex A 
(informative) 


Supplementary information 


АЛ AC Element specific post-processing 


Ала AC structure-related final processing 


As for the precess itself, the rewnrking shall alsa permit referencing, The following shall he provided as 
а minimam: 


- jobeards 
— process descriptions and work instructions for the relevant post-processing stationar 
— documentation of the personnel qualifications. 


Post processing can be needed due to element specifications that cannot easily be attained with the 
selected AC technoigy. 


beum | 


Figure A.1 — Requirement for element specific post-processing 


Possible post processingstepsare illustrated in Figure A.1 and below: 


3) Modification: elements needing to be sculpted with holes (ог electrica conduits) or pest drilled 
for mechanical fixings (eg steel balustrade; 


b) Elementtreatment dyeing, grinding, blasting, galvanizing, painting ete 
99 Assembly: (eg multiple sections fora bridge structure); 
4) Further processing (as applicable: NEP integration and placement of insulation, ee 


9 Packaging of AC беен) (з ap; 


te) in preparation for shipping and delivery to end 


f) Waste management/disposal of excess material may be key cue to one or more of the post 
processing steps above. 


Fallow са] codes and regulations for postprocessing steps compliant with the materials being used- 
A1.2_AC Element testing (separate individual or random sample testing) 


— inspection for dimensional accuracy: optical, tactile ete; 
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— testing thestructural properties: non-destructive, destructive, 
— chemical analyses; 
— ermal analyses; 


А2 Example ofseries qualification 
——  —— — 


— printing ard approving of production sample key factors to ensure pass/fail and potential rework. 


АЗ Overview: standards framework for AC centres (on/off site) 


Standard are arranged thematically in Table A2, whereas AC technology and material legends aro 
listed in Table ALL. This overview will help when implementing the quality assurance measures per 
topi Ней within the AC centre (or off-site printing). There Е no need for a division into individual AC 
technologies 


Table АЛ — ACtechnology and material legends {including but not limited to) 
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‘The following are examples of technologies that can beused under process legend 


— parallel robotic manipulators: Шека robots, Cartesian, Gantry, Cartesian, Transforming (telescopic) 
gantry Stewart platforms; 


— serial robotic manipulators: scara robots, cylindrical robots, cylindrical [telescoplc) robots, 
articulated rabat. 
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Table A.2 — Standards framework for AC centers on/off не 
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Table A.2 (continued) 
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Table A2 (continued) 
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Table A.2 (continued) 
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Table A2 (continued) 
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Table A 2 (continued) 
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АА Noteson process deviations 
AAA General 


"The search far the root cause of the errar іс difficult owing to many influencing factors. A rigorous 
categorization of the error records is therefore recommended. 


A42 Appearance on the AC element 


Deformation displacement, surface errors ete. 
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Annex B 
(informative) 


Examples for AC quality assurance 


BA General 
The contents are presented as a proposed approach fer quality assurance and should nat he seen аса 
conpleteor comprehensive procedure. 

ва Data preparation 


3) ішіне 3D CAD files to create the 3D structure, This is the baseline for quality checking against 
local and/or global tolerances 


$) Convert the 3D CAD file into an additive construction digital design. Specifically noting the number 
of printed layers, and ayer thickness, centre lines, dealing for Joins and base cf the structure. 


1) Utilisethe 3D CAD Flesto design the ID structure 


2) Convert the 3D CAD files into an AC distal design following the established quality 
requirements. 


3) Ensure the conformance of AC digital design with established requirements for the safety 
standards, legislation and regulations. 


д Cross reference with beal and/or global tolerances to ensure that the new 3D design performance 
comply with safety standards, legislation and regulations. 


B3 Data storage and quality assurance 


Refer to k2. 


ва Material management 


a) Prlorte any application all materials should be checked If they are conforming to the requlrements/ 
specications for their intended applications This shall be done through a quality control process. 


Љу Raw material shall be properly stored in thelr appropriste/sultable places and labelled as 
appropriate, 


Materials shall be kept away from humidity. 
d) All material shall be stored at a temperature ranging between 5 °C ta 30 C ideally. 
8) Safety data sheets (SDS) and ideally technical datasheets (TS) alse) are required for all materials. 


1) Addtives mixed with material should но fllow the shove guidelines, 
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BS Mix design preparation, material mix characteristics, and trial mix 

requirements 

à) варага боб shaves Бе mich type and strength of material, popartioned based on liberator? 
trial mixture and field test data, to make a material mis that as specific performance Inthe fresh 
ang hardened state so as to satisfy the requirement of application. 


Ensure the required lowability.extrudabilty, pumpabty,printabilty,buldabiity and open time, 
depending оп the properties of the 3D printer to be used andthe objects to be primed, 


Ensure required nozzle dameter, pumping distance, width and height of printed filament, grade. 
and type of materia ambient temperature at application time, and other AC parameters such аз 
deposition distance, extrusion speed, and printing speed. 


Ensure printing procedures such as lading of printing material and design of printing paths align 
with local egulatory/eountry requirements 


Шева qualified testing agency for preparing and reperting proposed mixtura designs based an 
laboratory trial mixtures using equipment similar to the ones that will be used in the construction, 
and ambient conditions similar o the application conditions: 


b) The material mix shall be designed to meet certain vita criteria that have a direct relationship with 
the methodology of printing the material Thus, Ils crica w ensure a complementary сане, 
between the designs of the mix and the 3D priter In order to desigs the optimal mik, certain 
targets are to be et for the min 
1) maximize compressive strength: 

2) maximize workability: 

3) maximize Поваъиу i he system: 

4) maximize bulldability upon extrusion: 

5) maximize speed of material setting: 

8) maintain appropriate setting rate to ensure bonding withthe subsequent layer. 

€) Itshould be noted that among the properties of material mix design, extrudability and bulldability 
are the most important, but they аге inherently in conflict. Good extrudabiity requires certain 


flawabiliy, while good buildabiity demands a high resistance to flow or deformation. However for 
‘successful AC, both properties shall be achieved t the same ime. 


8) An appropriate balance ofall the constituents shall be reached to ensure proper functioning ofthe 
mix. At any Ume, and depending on the placement environment conditions, this mix proportion is 
tobe readjusted to be able to be easily placed in the printer extruded out consistently, and hold its 
shape during and after printing 


1) Flowibity of 3D printable material mixtures is assessed by Mow table tests and visual 
inspection The flow table tests (ASTM C1437 if using cement mortar) andthe visual inspeccion 
are to be performed t» ace and fel whether mixtures were easily poured into the extruder of 
the printer 


2) Extradabiltys evaluated by observingthe continuity and uniformity ofthe extruded filaments 
ofa mixture from the start lo end of the АС process 


3) Buildability is estimated by inspecting slump and distortion of freshly printed objects. When 
the extruded material does not have enough stiffness or strength to hold he shapes and carry 
the weight of the layers deposited above, the printed object would slump deform, ог collapse, 
When any ofthese acur, the mixture ie comcdered as having unsuitable нану, 
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d) Printabilityis assessed basedon the overall result of flowability extrudabilty, and bulldabillty. 
Kane af thozepeeperties is not fulfilled, an object ta consideradas lacking in printahilty: 


€) To ensure proper builtability, the mix shall be designed in a way that, after each layer is extruded 
from the rozzle It should te able то support its own weight and withstand the subsequent layer 
wich little or no deformation. Low buildabiliy is caused by low yield stress ofthe materials. High 
past content In the mixture could be one of the reasons for low yield stress anc this may cause the 
material te deform under loadingand each layer width ta be larger than intended, 


f) То ensure a proper open time, the target in a mix desig is to ensure that each extruded layer has 
the capacity to hold itself and harden, and yetstay liquid enough to bond with the layer above it and 
not become a separate entity- 


4) Cementitious materials: Percentages ог each type of cementkious materials other than Portland 
cement in concrete shall be determined in a way to suit the required pumpability, bulkiabiliy, 
‘compressive strength and spen tine of concrete. Fly aah, geopolymer, slg, and recycled flans are 
Some of the green materials that have been used successfully by the Industry, at different rates 
Кош conventional coreretotast са айа, determined ta aut ths 10 printing ўла, 


В) Water-Cementitious Ratio: The waterccemeat ratio shall be determined to suit the 3D printing 
system, noting that excessive water-cemert rato may lead to segregation, which cases the 
lubrication layer to belast, and stops the concrete from moving or clogs the nozzle, and ever thou 
Tow water content attributes to the shape preservation ability of printed layers, however It reduces 
the pumpability of concrete 


8.6 Material deposition device characteristics 


3) Printer: The size af the printer is related to the size of the printable structure therefore, the design 
of the printer ts to take all applicable criteria into consideration. A team of mobile robots may бе 
used to werk collabaratively for the application in large scale AC build, where the dimensions of 
Structure are beyond che reach of an individual robotic arm or a concise gantry printer, Calis 
between the robotic arms movement isto be avoided by robot motion planningand coordination. 


b) Nozzle: The nozzle diameter has a direct relationship with the material mix properties, specifically 
its flowability. As the diameter size decreases, the flowability af the mix should be increased to 
account for it and vice versa, The nozze size should be designed based оп the required designed 
‘width and height o the extruded filament, 


B.7 System related pre-processing 


a) Ensure that the 3D robot undertakes a start of day (or start of operations) safety protocol in 
accordance with manufacturer guidelines, and local heath and safety regulations. 


Бу Ensure that material mixing stations, material preparation, water and power supplies are 
functioning within local tolerances and at the optimum level for quality performance during 
operations: 


99 Ensure that riskassessments are in place and that all operators are 
The process, 


ably equipped to undertake 


ај Ensure пыт foundations ror the robot are sufficlent Tor the weight and dynamic load or the rotor. 
‘once in operation. 

8) Ensure dynamic loading of the robot has been considered and that safety steps are in place to 
reduce vibrational movement of the robot whilst in operation (eg. prevent the rat from moving. 
during operations). 

T) Take all necessary steps to safely secure the robot and mitigate against the tipping point of 
the robotic arm during extension while printing (es the weight distribution of the arm whilst 
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in operation that could cause it to pull the robot over onto one point of the stabilizing legs (less 
relevant for gantry rode). 


B) Ensure that all operational instructions are up to date, in place and applied. Operators shall be 
trained accordingly 
B8 AC guidelines 
a) Verficatin of conditions: 
3) Before extruding material, verify the position and readiness of the grade sab or substrate, 
the stability and read ness of the deposition device, the availability of the entire stock of raw 


material, and all accessories and material needed со maintain the continuous extrusion of 
‘material as planned. 


2) Do mt proceed until unsatisfactory conditions have been corrected. 


Бу Bulding shall not scart unless all components are checked and approved, and mix design has 
proven its conformy with flowabiley, etrudability pumpabily pratabiity, buldability, and 
Spor tine, thant are requiri by ihe АР printing spate, 


e) Forthe building of overhanging structural elements without changing part orientation, fabrication 
of support underneath is inevitable using sacrificial materialto enable the overhanging segment to 
be integrated with the man structure instead of connecting modular parts. 


1) Addiionalsupports are о ће adopted per structural engineer recommendations. 


2) In case supports are needed, the method to be adapted is to be the more efficent, producing 
surfaces irregularities within allowed tolerances, and maintaining the continuity ané speed of 
‘concrete extrusion 


B9 Combining different materials in AC 


Combining different materials in the AC process can optimize structural performance by taking 
advantage of the unique properties nf each material based оп te type ог leads applied. (For example 
using of 3D printed corerete for structural elements under compression while using polymers for 
elements manly subjected to tension and/or bending, This type of composite 30 printed structure 
‘ould be used to create trong and lightweight structures with optimized structural performance 


In case polymers will be used or building the desige should include all new Information about the 
polymer material, to allow for adequate analysis and bulldability/printabllity assessment, 


Information would include without Imitation the following 
a) The material chemical composition ard mixin case muitipletypeso polymers are mixedand used 
as printing material. 


8) The material tensile properties including the tensile strength, yield strength, and elongation at 
break in accordance with standards for pasties such as ASTM D638 and standants far polymer 
matrix composite material such as ASTM 03039/030:9М. 


6) The material compressive properties, including the compressive strength and compressive 
modulus, in accordance wh standards for plastics such as ASTM D695 and standards for polymer 
шах cumposite materials suchas ASTM D3410/D3410M, 


8) The material dar strength, using testing standard such зе ASTM 0752 to determine the shear 
strength of plastics by the punch shear method, ASTM D3165 to determine the shear properties г. 
polymer matris composite materials by thesbortbeam method, and ASTM 05379 ta determine the. 
Shear properties of polymer matrix composite materials hy the V-notched beam method, 
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8) The material ultraviolet weathering effect, Including changes in tensile strength, elongation 
at break, and colour, in acenedance with standarde far ll plastic such за ASTM D4329 ar ASTM 
D5208, noting that the type of polymer beingtested would dictate the test method to be used 


T) Chemical and weather resistance of the material n accordance with testing standards such as 
ASTM D543, DELPHI DX900018, 50 11408 Зог апу equivalent testing methods. 


8) Fire resistance and density of smoke from burning plastics testing, in accordance with testing 
standardesich sc ASTM ERA, ASTM DIS, and ASTM Пава 


В Eternal coating may be used for exposed polymer 3D printed objects to enhance material 
properties and performance, especially UV protection, chemical resistance, weather resistance, 
fire retarding properties ets 


B.10Using consors. 


Using sensors within a 3D-printed elemen: can provide valable information about the performance 
and structural integrity of the lement. (For example, sensors embedded within 2 3D-printed bridge 
could be used to moritor stress, strain, temperature, and other factors that could affect the performance 
of me bridge. This information could be used to optimize future structural design oF ensure that te 
adopted design method is safe and reliable.) 


Overall, the use of sensors within 3D printed elements сап 
performance ofthese structures. 


lgnificinly improve the safety and 


55.11 Default post-processing 


2) Ensure that the printer ie safely stopped, cleaned and checked fer faults after the printing has 
concluded. Take into consideration ary post priating dynamic energy that may remala in the 
primer arm ап аст In accordance with аса safety regulations. 


Љу When applicable, ensure that the structure is securely moved and stored to allow for pest print 
strengthening Curing, setting, hardening) which wil be Informed by local tolerances and 
standards, 


9 Ensure that the baseline data is validated against the building information modelling (BIM) model. 


B.12 Element specific post-processing 


а) Undertake a physical review of the structure. Checking Гог defects in the printing, Defects, if any, 
shall romain within local tolerances. Where the defects are beyond local tolerances, the structure 
‘will need ta be sustainably assessed and inspected, 


b) Quality сомго] of the printed structure shall be performed te meet the established requirements 
forthe printed structure surfaces, and overall dimensions. In case ofnon-conformities, the decision 
shallbe taken on a repair with established means and methods or scrap. 


©) Undertake a digital review of the model, comparing specifically the centre line, the layer ае, 
number of layers, Where the modelling has highlighted that the structural design is “lose to 
partial factors ef safety tolerance than It is vital for post-processing to pay specife attention to 
these areas of the asset. 


4) Any specifie smoothing requirement ofthe outer layer ofthe printed structure shall be undertaken 
within local tolerances. 

e) Any requirement to print an outer facade shall be undertaken within local tolerances 

f) Апу requirement to retrofit elements of the structure (ед, pipe cutlets or cable outlets). These 
processes shall be undertaken at the approved time period to allow post print strengthening 


A 


а ETES 


1S0/ASTM 52939:2023(E) 


but mitigate the risk of cracking or damaging of the structure that would reduce the quality, 
thereafter, creating safety leues with the structure and/or changing the overall functionality АП 
in conformity with local standards, tolerances and regulations 

8 Specific consideration given to post printing seismic complance following local tolerances. 


8) Specific consideration given to reinforcement within the structureand its quality, in line with local 
tolerances 


Specific consideration to be given regarding pigmentation, additional materials such as standard 
‘poured concrete’ that could be added to the structure during postprocessing 

B3 Logistics 

8) Specific consideration given to ting and transportation ofthe structure. 

+) Quality assurance measures in place for freight travel, Acknowledging local and global road 


infrastructure and the viratienal impact of road travel on the strucure. Consideration to the 
temporary base and securing ofthe structure to absorb vibrations created during transportation. 


А 


/BISO/ASTH International 2023 Апа за 


ISO/ASTM 52939:2023(E) 


Annex C 
(informative] 


Examples for quality assurance steps in built process guidance 


Са General 


The contents are presented as a proposed approach for quality assurance in bal processguidance and 
should not be seen as a complete or comprehensive procedure, 


C2 Process guidance 

3) Ensure that the base slab for the printing is structurally secure and has localized design standards 
in place (еа the bace will withstand visrational impact af the machine, the rare leading of tha 
printer and thatthere ls sufficient space to allow for operators to print within safely zones 


b) Undertake collaboration processes for the printer, ensuring that the mixing station and qualty 
checks on the material are properly conducted. 

99 Printa test panel to check and approve quality of the print. 

4) Undertake printing process, ensuring consistent mixing and material supply. At pre-determined 
intervals, ensure that the printed design is being accurately achieved during the process. Ensure 
that any operator activity such as creating spaces in the printed structure is implemented at the 
correct time (ер cutting out a space for electrical fixtures). 


8) Ensure that the layer speed and material consistency are accurate in order to enable correct 
interlayer bonding 


Ensure that localized tolerances are considered should the printer stop, and need to restart, part 
vet ire бе structure Qui urne neanre wil nesa ripis any tii ey oF 
C3 Layer bonding 

Start/Step procedures (cod jolts), ensure strengths meet local standards 

Wetting of printed element (do not wet before material starts to set/harden). 

Provide a sheltered printing environment whenever needed. 


СА After printing considerations 


Ensure specimens are stored їп suitable environments folowing local codes and regulations based 
on the material and element requirements. With each change а material characteristics samples wi 
need to be taken, Inspection of printed elements or detrimental cracking should also be taken, 


з) Foundation for the installation ofthe printed element shall be designed according to the Iecal area 
building codes and made according to the established requirements and flatness tolerances, 


M) AC element shall pass the required quality control stages for the structural as well as for the usage 
‘characteristics before the installation an tho foundation. 
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€) required, test specimens of the АС element are printed to confirm that established requirements 
are met foe the structural performance, exterior and interior surface quality (e. по gaps between 
layers dimensions ete 


4) If required, ensure that the printing speed and material consistency enable correct interlayer 
bonding, Meeting established geometry requirements for the AC structure is necessary. Stop/start 
Processes need to be In place. 


9 When applicable, produced AC vente shall be кабу transportni (are packaging Емин) to 
the place of installation on the prepared foundation. Quality control before the delivery and after 
delivery shall be performed according to the established requirements. 


T) The process of AC clement installation shall meet established safety and quality requirements, 
Proper equipment stall beusedto install the AC structure on the Dundation. 


8) After Installation of he AC element, itshal be safely secured. 


5) Quality control shall be performed of the installed AC slement to confirm that established 
requirements br the levelling, fatness, evennessare met for the entire AC element, 


9 M required joints between AC elements and foundation shall be sealed to meet established 
requirements br the overall performance с the residential constriction, 


j) required coating ofthe AC element shall be performed according to the established requirements. 
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AnnexD 
(informative) 


Examples for specific processes 


Table D.1 — Section specific process examples for some ofthe AC solutions/technologies 


‘Section speificexamples 

(стау трави related танина ndhervicg cities 

Routine calibration for machines. Skipping maintenace of entire AC ісіуегу mechanlsm including any auto- 

mated monitoring devices, can rest а component ritare, low rare ant print inconsistencies, nazz ockage 

land more 

fee) — somata плати construction processes 

[Simulation of Additive Construction processes can be used to Increase proces stabilty, thus avoiding build 

|626) — Simulation оўдойт Construction processes 

Process simulation can be Wed ro increase process stability thusavoiding bund alee by optimizing suppons| 
пі part rietaion 1 сап also serve to modify (digital) part geometry as to compensate г displacements 

us ta thermal etreso 

NOTE The validation plan includes process simulation when applying a pre-deformation toa part. 

[о — Requirement fer che materia? management 

[Geometrical speciiccions ofthe printed filament 

(6.30) - coring quit сто! 

conformity of material. Base material dees notcontan unexpected зін oversized particles, shouldbe sealed 

[8:399 — Conformity ar material, material does nat cantain contamination 

(30) incoming чашу contr 

Newly added muss, blending ratio angle f repese and moisture content temperature grain tres. te 

|536)- reparation for process guidance 

Process contralto consider moisture content 

6.4) 1) — Sial or base far print 

Material compatiblity with temperature and materia), cleanliness, 

[вав — Setup рг praductim run 

Unevenness of the build ares, too high temperature gradient (ва. due tothe hydration density) within a build 

(вл ana = senp for production лип — fecti the buld асе 

[Costing errar or damage to tne layer deposition system. 

6.52) 5) — Process parameters 

compensation and salingo compensate for geometricaland pocess-dependent shrinkage or settlement 
eon be included inthe validation рап 

[6-53] 5) — Process parameters 

[Speed of ihe layer deposition system 

|638) 5) — Process parameters 

Deposition rates travel pats il deneity 

6.5) 5) — Process parameters 

еттек ейп of process parameters can lead to part falares: cracking delamination, igh сена stresa- 
es, pour surface finisty Increased specimens parosty Шак ef fusien, polymerisation banding or sintering 
оз 1) — Colécung mera sample 

Retain material samples and check according ta the frequency defined in that facility procedure. 
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Table D.1 (continued) 
Section speci examples 


(оз) production run панне” 
Poor dimensional accuracy deformatin, displacement, shrinkage, undulation, sorting edges, dscoloratinn, 
[surface errors, step formation, higher poros 

[6 b) — system clean-up Соттоп) 

Optics, support far tuild platform, material containers, disposal of residues in the build acea, complete empty 
amd cleaning oll material batching mixing and delivery systeme 

[565] — system деле ар (commision) 

Pyrometer or FLIR cameras, check layer depestionsysten's state or change per manufacturing bateh 

o 6b — svstam cleanup ommistonina] 

Inspection of he extrusion nozzle 

(кв ө) — Anplcotion pecie posprocesing (where apples] 

Haptic е sua ит samples for surface Пу processes: blasting grinding polishing dyeing, 

Бә а) с) нарас of process rent Prose deviation 


Continuous systematic or manual approach with process monitoring fedback or outliers (eg ene of first 
[amanitared yere aes non-ranfarmey see 4 


A 


/BISO/ASTH International 2023 Апа 37 


ISO/ASTM 52939:2023(E) 


Bibliography 


T] ASTM 633, Standard Test Method for Adhesion or Cohesion Strength of Thermal Spray Coatings 
Па ASTM C348, stander Test Method for Flexural Strength of Hydraulic-Cement Mortars 


їз] ASTM C349, Standerd Test Method far Compressive Strength of Име Cement Mortars (іі 
Portions of Prisms Broken in Flexure) 


IH] АТМ С596, Standard Test Method for Drying Shrinkage о Mortar Containing Hydraulic Cement 
I5] ASTM C597, Standard Test Method for Pulse Velocity Through Concrete 


[6] ASTM C18, Standard Specification or Coe! Ash and Raw ar Calcined Natural Роган for Use in 
Concrete 


V] ASTM C642, Standard Тен Method for Density, Absorption, and Vaits in Hardened Concrete 
I8] ASTM CIO72,Stondord Tort Methode for Measurement af Masonry Flexural Bond Strength 


IS] ASTM C1202, Standard Test Method fr Electrical Indication of Concretes Abilty to Resist Chloride 
fon Penetration 


Іш ASTM C1314, Standard Test Method for Compressive Strength of Masonry Prisms 


I1] ASTM C1363, Standard Test Method for Thermal Perfirmance of Building Materials and Envelope. 
‘Assembles by Means of a Hot Bex Apparatus 


шш astm cigs 


(ПЯ ASTM C1585, Standard Tee Method Jor Measurement of Rate of Absorption of Water by Hydraulic- 
Cement Concretes 


Standard Test Method For How Of Hydraulic Cement Marta 


(14) ASTM C1723 standard Guide for Examination of Herdenad Concrete Using Scanning Electron 
Meroscopy 


[15] ASTM CIO/CIOM, Standard Specification fer Natural Cement. 


[16] ASTM спусим, Standard Test Practice for Making and Curing Concrete Test Specimens inthe 
Field — Compressive strength of cast sample and of printed material sample 


[17] ASTM C33/C13M, Standard Specification for Concrete Aggregates 


[18] ASTM СЗ9/СЗӘМ, Standard Test Method For Compressive Strength Of Cylindrical Concrete 
Specimens 


LIS] ASTM скауснам, Standard Test Method for Obtaining and Testing Drilled Cores and sawed Beans. 
‘concrete 


[20] ASTM слвустйм, Sandard Tox Method far lever Strength of Concrete (Using Simple Beam weh 
Tid Pint Loading) 


[21] ASTM C94/C94M, Standard Specification for Ready-Mized Concrete. 


180) ASTM C109/C109M, standard Test Method for Compressive Strength of Hydraulic Cement Mortars 
(sing ain. or [50 mn] Cube Specimens) 


[23] ASTM C136/C136M, Standard Test Method or Sieve Analysisof Fine and Coarse Aggregates 


[24] ASTM сізв/сізвм, standard Test Method for Density (Unie Weigh), Yield, and alr Content 
(Gravimetric) of Concrete 


A 


эв SNSOJASTA International 


[5] 
26) 
en 


(25) 


э] 
180] 


Г] 
ва 
1331 


4 
[] 


136) 


[7] 
в 


[] 
на 
ва 


ил 
и 


m 
ня 


Hs] 
ва 
1881 
га 
150] 
А 


1S0/ASTM 52939:2023(E) 


ASTM C143/CL43M, Standard Test Method for Sup of Hydraulic- Cement Concrete 
ASTM C150/C150M, Standard Specification for Portland Cement. 


ASTM C157/C157M, Sundard Tex: Method for Length Change of Hardened Hydruule-cenent 
Mortar and Concrete. 


ASTMC231/C231M, Standard Test Method for Air Content of Freshly Mised Concrete by the Pressure. 
Method 


ASTM C260/C260M, Standard Speefication for Air-Entraining Admixtures for Concrete 


ASTM C293/C292M, Standard Test Method for Flexural Strength of Concrete (Using Simple Beam 
With Center Point Loading) 


ASTM C330/C330M, Standard Specfication for Lightweight Aggregates for Structural Concrete 


ASTM C469/C460M, Standard Test Method for Statie Modulus «Г Elasticity and Poison Ratio of 
Concreto n Compression 


ASTM C490/C490M, Standard Practice for Use of Apparatus for the Determination of Length 
Change of Hardened Cement Paste, Hortas and Concrete 


ASTM G494/C494M, Standard Specification for Chemical Admistares for Concrete 


ASTM €496/C496M, Standard Test Method for Splitting Tensile Strength of Cylindrical Concrete. 
Specimens 


ASTM C567/C567M, Standard Test Method for Determining Density of Structural Lightweight 
Concrete 


ASTM €595/C595M, Standard Specification for Blended Hydraulic Cements 


ASTM C666/C666M, Standard Test Method far Resistance of Concrete to Rapid Freezing and 
Thawing 


ASTM CBOS/CROSM, Standard Test Method for Rebound Number of Hardened Concrete 
ASTM c989/C980M, Standard Specification for Slag Cement for Ке in Concrete and Mortars 


ASTM соевусиеам, standard Test Method for Temperature of Freshy Mired Hydraulc Cement 
Goncrete[23} NEN EN 12620 ^41 en, Aggregates for concrete. 


ASTM C1116/C1116M, Standerd Specification for Fiber-Reinforced Concrete 
ASTM C1583/C1SB3M, Standard Test Method for Tensile Strength of Concrete Surfaces and the 
Bond Strength or Tensile Strength of Concrete Repair and Overlay Materials by Direct Tension (Pull 
КЕЛ 


ASTMC1602/C1602M, Standard Specificetion far Mixing Water Used inthe Production ofHydreuc 
Cement Concrete 


ASTM C1609/C1609M, Standard Test Method for Flexural Performance of Fiber-einforced 
Concrete (Using Beam With Third Point Loading] 


ASTM C1611/CL6LIM, Standard Tert Method fer Stump Flow of Self Consolidting Concrete 
ASTM D256, Test Methods for Determining the lod Pendulum Impact Resistance of Plastics 
ASTM D543, Standard Fracttesfor£valuating the Resistance of Plastics to Chemica Reagents 
ASTM 0570 Standard Test Method for Water Absorption of lasts 

ASTM D638, Test Method for Tensile Properties of Pasties 


/BISO/ASTH International 2023 АП E] 


ISO/ASTM 52939:2023(E) 


Бу 
C1 


153 
154 


(55) 
sa 
s7 
7 
Бя 
ва 
[7] 
ва 


вз 
(64) 
65 


[7] 
ка 


7 
169] 
го 
[7] 
өзі 
ra 


ра 
05 


40 


ASTM D695, Standard Test Method for Compressive Properties of Rigid Pasties 


ASTM D635, standard Test Method for Rute of Burning and/or Extent and Time of Burning of 
Plastics in а Hortzoral Position 


ASTM D732, Standard Test Method for Sheer Strength of Plastics by Punch Took 


ASTM 1790, Standard Test Methods for Flexural Properties of Unreinforced and Reinforced Plastics 
‘and Electrical Insulating Materials 


ASTM 02843, Standard Test Method for Density of Smoke from the Burning or Decompesition of 
Паца 


ASTM D3165, Standard Test Method for Strength Properties of Adhesives in Shear hy Tension 
Loading of Sigle-Lo font Laminated Assemblies 


ASTM D4329, Standard Practice for Fluorescent Ultraviolet (UV) Lamp Apparatus Exposure of 
Pasties 


ASTM D5208, Standard Practice far Fluorescent Ultraviolet (UV) Exposure of Photodepradatle 
Phsties 


ASTM 15334, Standard Test Method or Determination of Thermal Conductivity of Sot and Rock by 
‘Thermal Needle Probe Procedure 


ASTM D5379, Test Method for Shear Properties of Composite Material by the V.otched Deum. 
Method ASTM 


ASTM 13039/D3029M, Standard Test Method fir Tensile Properties of Polymer Matrix Composite 
Materias 


ASTM D3410/D3410M, Standard Test Method for Compressive Properties of Polymer Matrix 
Composite Materials with Unsupported Gage Section by Shear Loading 


ASTM E72, Standard Test Methods of Canductin Strength Tests of Panels for Building Construction 
ASTM E119, Standard Test Methods for Fire Tests of Building Construction and Material 


ASTM E331, Test Method for Water Penetration ef Exterior Windows, Skylights, Doors, and Curtain 
Walls hy Покет Static Ат Pressure Difference 


ASTM E2365, standard Guide fr Environmental Compliance Performance Assessment, 


ASTM £2853-12:2021, Standard Test Method for Evaluating Emergency Response Robot 
Capabilities: Human System Interaction (HSI: Scarch Tasks: Random Mases with Comples Terrain 


ASTM £3100,Standard Guide for Acoustic Emission Evemination of Concrete Structures 


ASTM £96/E96M, Standard Test Methods fir Gravimetric Determination of Water Vapor 
onomoston Rate of Materials 


ASTM F283/8283N, Tes Method for Determining Rate of Air Leakage through Exterior Windows. 
ауан, Curtin Walls, end Doors under Specified Pressure Differences across the Specimen 


ASTM ESLA/ESLAM, Standard Test Method For Water Penetration dnd Leakage Through Masonry 
ASTM ESHUJESIRM, Standard Тегі Method far Reeure! Band Strength of Masonry 

ASTM ESIS/ESISM, Standard Test Method for Diagonal Tension (Shear) n Masonry Assemblages 
ASTM Ева, UL 723, Test Method for Surface Burning Characteristics of Building Material 


5 8500-2:2015+A2:201 Concrete — Complementary British Standard to BS EN 206 Specification 
{for constituent materials and concrete 
А 


корлаганын 


1S0/ASTM 52939:2023(E) 


CEN/TS 121909, Testing hardened! concrete — Part 9: Preeze-thaw resistance with de-icing 
tales — Seating 


DELPHI 0600018 Chemical Stress Resistance of Plastics 
EN 195-1, Methods of testing cement — Part 1: Determination ûf strength 
EN 197-1, Cement — Composition, specifications, and conformity criteria for common cements 


EN 197-4, Composition, specijications and conformity criteria for low early strength blastfurnace 
coments 


EN 206, Concrete — Specification, performance production and conformity 
EN 450-1, Fy ash for Concrete 


EN 9342, Admucures für concrete, mortar and grout Concrete udnixtures. Definitions, 
requirements, conformity, marking end labelling 


EN 1008, Mixing water for concrete — Specification Jor sampling, testing and assessing the 
ab of wate ненің мани recovered Гот pcs In the cree st іа 
EN 1052-1, Methods of Test uf Masonry — Part Determination of compressive strength 

EN 1052-2, Methods of test for masonry — Part 2: Determination af flesural strength 

EN 1052-3, Methods oftest for masonry — Part3: Determination of initial shear strength 

EN 1990:2002, Ewocede — Basis of structural design 


EN 199244, Eurscode 2: Design of concrete structeres — Part 1-1: General rules and rules for 
й 


Desin of concrete structures — Part 12: General rales — Structural fire 


EN 1992-2, Furowode 2 Design af concrete structures — Part 2: Concrete ridges Design and 
detailing rules 


EN 12001, Conveying, spraying end placing machines for concrete and mortar — safety 
requirements 


EN 123501, Testing fresh concrete — Part 1: Sampling 
EN 121502, Testing fresh conerete — Part 2: Slump-test 


EN 123901, Testing hardened concrete — Pure 1: Shape, dimensions and other requirement for 
specimens and moulds 


EN 12390-2, Testing hardened concrete — Part2: Making and curing specimens for strength tests 
EN 12390-3 Тему hardened concrete — Parti: Conpresive strength of test specimens 


EN 12100-4 Testing hardened concrete — Part4: Compressive strength — Specifictin jor testing 
machines 


EN 12390-5 Testing hardened concrete — art: Flerura strength of test specimens 
EN 12190-6 Testing hardened concrete — Part: Tensile splitting strength oftest specimens 
EN 12390-7 Testing hardened concrete — Part 7: Density of hardened concrete EN 12629-1, 


Machines for the manufacture of constructional products from concrete and calcium silice — 
Safety — Part 1: Common requirements 


оноуда International 2023 = АП еее а 


ISO/ASTM 52939:2023(E) 


no 


nos 
non 
 ] 


пой 
по 
non 
по 
mo 


mg 
ma 
ша 


пш 
шя 


qual 


mn 
m 
ша 
пә 


nay 
пә 


п 
пә) 
ns 


028] 


42 


Ең 12390-13, Testing hardened concrete — Part 13: Determination of secant modulus of elasticity 
in campression 


EN 13055, Lightweight Aggregates 
EN 133692018, Annex F Common rules för precast concrete products 


EN 13791, Assessment of insitu compressive strength in structures and precast concrete 
components 


EN 60204-1, "VDE 01134, 
General requirements 


safety of machinery — Electrical equipment of machines — Part 1: 


180 4144. Pneumatic fluid power — General rues ond safety requirements for systems ond their 
components 


180 4413, Hydra: fluid power — General rules and safety requirements for systems ола ther. 
components 


150 121 
reduction 


Safety of machinery — General principles for design — Risk assessment and risk 
150 13849-1, Safety of machinery — Saftty-related parts of corral systems — Pare 1: General 
Principe for desig 

159 13049-2, Safety of machinery — Safe related parts of control ystems — Part a: Validation 
150 13850, Safety of machinery — Emergency top function — Principles for design 


189 13857, Safety of machinery — Safety distances to prevent hazard ores being reached by upper 
and tower mis 


189 14118, Safety of machinery — Prevention of unexpected start-up 


180 14119, Safety of machinery — Interlocking devices associated with guards — Principles jor 
design and selection 


150 14120, Safety of machinery — Guards — General requirements for the design and construction 
offixed and movable guards 


150 1920-4, Texting of concrete — Part 4 Strength of hardened concrete 
150 19202, Testing of concrete — Part 7: Манас tests оп hardened concrete 
189 9001, Quelity management systems — Requirements 


150 10218-1, Robotics — Safety requirements for robot systems in an industrial environment — 
Fart 1: Robots 


180 10218-2, Robots and robotic devices — Safety requirements for industrial robots — Part 2: 
Robot system: and integration 

150 11403-3, Plastics — Acquisition and presentation of camparuble multipoint data — Part 3: 
Environmental influenceson properties 

189 13854, Safety of machinery — Minimun gaps to avoid crashing of parts ofthe human body 
189 14001, Environmental management systems — Requirements with guidance or ese 


150 10136, Nondestructive testing — Acoustic enuision testing — Measurement method jor 
acoustic emission signals п concrete 
150 16838, Nondestructive testing — Acoustic emission testing — Test method for classification of 
active cracks п concrete structures 


A 


SNSOJASTA Internatinal 


103 -A rights reserved 


m7) 
028] 


(0291 
1130] 
[I 


изд 
ГЕ 
пәлі 
1351 


1136] 
[7] 
LI 


ГЕ 
ГЕ 


па 


102] 


 ] 


па] 
ТЕЛ 


161 


їн) 


ГЕ 


0991 


А 


1S0/ASTM 52939:2023(E) 


150 19595, Nature! aggregates for emcrete 


ISO 21930, Sustainability in buildings and civil engineering works — Core гез for environmental 
product declarations of construction products and services 


ISO/ASTM 52901, Additive manufacturing — General principles — Requirements fer purchased AM 
pares 


ISO/ASTM 52902. Additive manufacturing — Test artefacts — Geometric сарану assessment of 
additive manufacturing ystems 


180 /IEC 27001, Information security, cybersecurity and privacy protection — Information security 
management systems — Requirements 


SIA 260, Bass of structural design 
SIA 414/1, Dimensional tolerances la construction — Terms principles and application rules 
SIA 414/2, Dimensional tterences а building construction 


UL 263, Fire Tests of Building Construction and Material ASTM C596 Standard Test Method for 
Drying Shrinkage of Mortar Containing Hydraulic Cement 


VL 3401, Outline of Investigation for Duiläing Construction Parts 
ттүлнє 2019/04 Part — Section 4 Adhesive tensile strength, Layer Banding 


нанс Duo et al, Discontinuous micro-ibers as intrinsic reinforcement for ductile Engineered 
Cementitious Composites (ECC Composites Part в Engineering 184 (2020): 107741 


$R014:318.142., Ordinance of 16 Docembor 1985 on Air Pollution Control (048) 


Bos ЕР. etal. Cement and Concrete Research, The realities of additively manufactured concrete 
structures in practice 


Sumen А БД. etal Cement and Concrete Research, Hastie buckling and plastic collapse during 3D 
concrete printing 


SCHWARTZENTHUBER A, CATHERINE C2012) 1а méthode du mortier de béton équvelent 
(МВЕ)- Un nouvel outil d'aide à la formulation des bétons adjuventés, 33, Mater. Struct. 1010077 
вер2ла052 


Brandy Digys-MeGee and Eri Kreger Using latet Temporal Analyse бо A in the Assesment of 
Structural Element Quay for Additive Construction 


International Residential Code (IRC) Appendix AW 30-Prited Building Construction 


ивснсншне Viktor et. al, 7A roadmap for quality control of hardening and hardened printed 
concrete” 


Samuel Stidwell and Erie Krelger Determination of Mechanical Properties of Addithely Constructed 
Concrete Bared оп Specimen Orientation 


Tib. Model Code 2010, The fih Model Code for Concrete Structures 2010 is now the most 
‘comprehensive code on concrete structures, induting their complete Це cele: conceptual design, 
dimensioning, construction, conservation and dismantlement 


ACI 117, Specification for Tolerances for Concrete Construction and Materials (ACI 11740) and 
Gommentars-Reappraved 2015 


ACI 216, Code Requirements for Determining Fire Resistance of Concrete and Masonry Construction 
Assemblies 


/BISO/ASTH International 2073 Апа за 


ISO/ASTM 52939:2023(E) 


nso 
пш 
usa 


us 


иза 


ACL 318, Виййпа Code Requirements for Structural Concrete and Commentary (Reapproved 2022) 
ACI 343 Analysis & Design of Reinforced Concrete Bridge Structures 


ACI 530/5301, Bulag Code Requirements und Specifeution fur Musunry шешеу wd 
Companion Commentaries 


‘American Association of State Highway and Transportation Officials (AASHTO) LRED Bridge 
Design Specifications 


се Masonry 
ти 402/602, Building Code Requirementsand Specification for Masonry Structures 


SIDA ier 


ISO/ASTM 52939:2023(E) 


Ics 25.030 


тулу International 2023 Al ight served 


